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A
FOREWORD
This is Report No. IITRI L6046-55 (Final Report),
entitled "Study of the Effect of Space Cabin Environment on.
Susceptibility to Disease" on IITRI Project L6046. The studies
were conducted by IIT Research Institute for the Manned Space-
craft Center, National Aeronautics and Space Administration,
under Contract No. NAS9-7180, during the period from June 27,
1967 to-January 31, 1972. The report summarizes various studies
conducted to determine the effects of exposure to simulated
space cabin environments on the resistance of mice to infection,
on the normal fecal microflora of mice, and on the survival of
airborne bacteria. In conducting the research reported, the
investigators adhered to the "Principles of Laboratory Animal
Care" as established by the National Society for Medical Research,
At various times during the program Mr. B. J. Mieskuc,
Mr. C. A. Hagen, and Dr. J. D. Fenters served as the project
leaders. The principal technical assistance was provided by
B. T. Anderson, M. L. Cephus, L. Erbaugh, L. K, Fleming,
E. A. Majka, V. K. Neary, and S. C. Vana. The histopathological
studies were conducted by Mr. W. H. Blair and Dr. C. D. Port.
Dr. Richard Ehrlich provided the overall administrative coordi-
nation and technical consultation. Dr. A. J. Kenyon, University
of Connecticut served as consultant.
The experimental data are recorded in IITRI Logbooks
18046, 18300, 18760, 19416, 19417, 19737, 19751, 19850, 19919,
20048, 20153, 20296, 20412, 20413, 20683, 20688, and 20722.
Richard Ehrlich
Director
Life Sciences Research
— •)
JAmes D. Fenters
Serlior Microbiologist
Life Sciences Research
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ABSTRACT
Decreased resistance to infections initiated by respira-
tory challenge with Klebsiella pneumoniae or influenza virus
was observed in mice maintained in a simulated space cabin
environment represented by 98% oxygen atmosphere and 27,000 ft
altitude (5 psi). The reduced resistance was manifested by
increased mortality rates as compared to those seen in mice
maintained at ground level condition. However, an adaptation
to the stress appeared to be present in mice exposed to the
space cabin environment for extended time period, i.e. 36 days,
and then challenged with the influenza virus. Reduced resis-
tance was not observed when Salmonella typhimurium was used
as the challenge agent. Histopathologic examination of lungs
of mice indicated that the severity of damage appeared to be
related to the duration of exposure to the simulated space
cabin environment.
In all subsequent studies the simulated space cabin
environment consisted of 70% oxygen and 30% nitrogen atmosphere
at 27,000 ft altitude (5 psi).
A study was conducted to investigate changes in normal
intestinal microflora of conventional Swiss albino Webster mice
maintained in the 5 psi environment. However, an outbreak of
salmonellosis occurred which resulted in significantly higher
mortalities in mice kept at the 5 psi environment than in the
control group of mice maintained at ground level condition.
Salmonella infantis was isolated as the causative agent and
it appeared earlier in mice kept in the 5 psi environment
than in those kept at ground level condition. Although S_.
infantis was also isolated from mice kept at the ground level
condition it did not appear to produce overt disease or induce
significant mortalities.
NT RESEARCH INSTITUTE
ii
A second study was conducted to monitor the normal
fecal microflora and murine virus antibody of mice maintained
at 5 psi environment over a period of up to 12 months. With
the exception of streptococci and lactose positive coliforms,
concentrations of micrococci, lactose negative coliforms, total
aerobes, total anaerobes, and lactobacilli decreased signifi-
cantly within 1 day of entry into the 5 psi environment.
Thereafter, the counts varied considerably, with the greatest
deviation from controls appearing in the micrococcus group.
The 5 psi environment did not appear to increase the frequency
nor the level of detectable murine virus antibody.
Treatment of mice with the antibiotic Terramycin did
not influence significantly the concentration of total anaerobes
or lactobacilli in fecal samples, irrespective whether the mice
were kept in the 5 psi environment or at ground level condition.
In control mice held at the ground level condition the counts
of lactose negative coliforms also did not appear to be affected
by the subcutaneous injections of Terramycin. In fecal samples
obtained from mice held in the 5 psi environment, in general,
same increase of lactose negative coliforms was observed
within one day after termination of the antibiotic treatment,
but the concentrations returned to pre-treatment levels during
an extended holding period in the 5 psi environment. Counts
of lactose positive coliforms in fecal samples decreased after
the treatment with Terramycin irrespective whether the mice
were held at 5 psi environment or at ground level condition.
Mortality rates of mice challenged with influenza virus
and held at 5 psi environment were found to be higher than
those in mice held at ground level condition. However, when the
mice were held in the 5 psi environment for 14 days and then
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infected and allowed to recover at ground level condition, the
mortality rates did not differ from the controls. Cross
infection with influenza virus, as measured by mortality rates,
lung lesions scores, and hemagglutination inhibition titers,
was negligible irrespective whether the mice were maintained
at ground level condition or in the 5 psi environment.
The effect of the simulated space cabin environment on
the host's defense mechanism was investigated. In a group of
experiments, interferon titers were found to be significantly
higher in mice held at 5 psi than in those held at ground level
condition. However, the higher interferon levels did not
appear to protect the mice against the challenge with influenza
viruso An influenza vaccine offered equally effective pro-
tection against infectious challenge with influenza virus under
both ground level and simulated space cabin environmental
conditions as measured by mortality rates and lung lesion
scores. However, an increased susceptibility to influenza
virus was observed in vaccinated and control mice held in the
5 psi environment as compared to those held at ground level
condition. The differences in hemagglutination inhibition
antibody titers between mice held in ambient and in the 5 psi
environments were not significant.
The effect of the simulated space cabin environment on
a slow virus infection was studied using Friend Leukemia virus
as the infectious agent. Mice infected with the virus became
symptomatic approximately 4 weeks after the infectious challenge
whereby an increase in blast cells and splenomegaly were noted.
NT. RESEARCH INSTITUTE
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After 6 weeks, the first deaths occurred in mice given the most
concentrated amount of virus, but the hematologic values and
mortality rates were similar in mice kept in the 5 psi environ-
ment and at ground level condition. At the higher dilutions
of virus it appeared that at the 7 week period the spleens were
somewhat larger in mice maintained at the 5 psi environment
than at the ground level conditions. The mortality rates, mean
survival times, and U>CQ values calculated at the completion of
the experiment 14 weeks after the infectious challenge, sug-
gested that mice held in the 5 psi environment were somewhat
more susceptible to the infection than those kept at ground
level condition.
In a preliminary study the survival of airborne bacteria
potentially pathogenic to man was investigated in the simulated
space cabin environment. The results indicated differences in
aerosol survival related to the species of the bacteria. At
ground level condition the lowest biological decay rate was
observed for Bacillus subtilis spores and Diplococcus pneumoniae,
The beta-hemolytic streptococcus, Staphylococcus aureus, and
Pseudomonas aeruginosa decayed approximately 3, 8, and 23 times
faster, respectively. The 5 psi environment did not appear to
significantly influence the biological decay rates, although
somewhat increased decay was observed for D. pneumoniae and the
beta-hemolytic streptococcus.
I.IT RESEARCH INSTITUTE
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EFFECT OF SIMULATED SPACE CABIN ENVIRONMENT
ON AIRBORNE BACTERIA
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EFFECT OF SIMULATED SPACE CABIN ENVIRONMENT
ON AIRBORNE BACTERIA
I. INTRODUCTION
The purpose of these studies was to determine the survival
of. airborne bacteria potentially pathogenic to man in a simu-
lated space cabin environment. The microthread technique used
in the experiments was first described by May and Druet (ref. 1).
The microthreads are obtained from young spiders of the orb-
weaving variety and represent the escape, thread which the spider
uses in its normal activity. The threads are wound on specially
designed wire frames and the microorganisms are deposited on the
microthreads in a dynamic aerosol chamber. After deposition of
an adequate number of microorganisms, the microthreads containing
the captive aerosol are exposed to the simulated space cabin
environment. This method provides a means for holding suspended
aerosol particles either in open air or in a controlled environ-
ment without sedimentation loses. Thus, the survival of bacterial
aerosols can be studied over extended periods of time.
II. MATERIALS AND METHODS
Microorganisms and Media. Dry spores of Bacillus subtilis
var. niger, Fort Detrick Lot No. 10-37, were used as a physical
decay tracer throughout the experiments. Diplococcus pneumoniae
and beta-hemolytic streptococcus were received from Herbert
Yamashiroya, University of Illinois, Department of Pathology,
Chicago. Pseudomonas aeruginosa ATCC No. 10145 and coagulase
positive Staphylococcus aureus were isolated in our laboratories
from a rat.
With the exception of B_. subtilis, the bacterial cultures
were maintained on agar slants containing the appropriate growth
media. Twice weekly the slants were inoculated with the micro-
NT RESEARCH INSTITUTE
A-l
organism, incubated for 24 hr at 37°C and then held at ambient
temperature. These stock cultures were used as inoculum to
produce a sufficient quantity of bacteria for aerosolization.
The medium used to grow J\ aeruginosa and S^ aureus, was
Trypticase soy broth (BBL). Growth medium for I), pneumoniae
and beta-hemolytic streptococcus was Tryptose phosphate broth
(Difco).
The medium used for the quantitative assay of £. aerugi-
nosa and S^. aureus was Trypticase soy agar (BBL). Brain heart
infusion agar (Difco) was used for assay of the beta-hemolytic
streptococcus, Trypticase soy agar with 10% blood added for
JD. pneumonia^, and Tryptose dextrose agar for assay of
Z. subtilis.
Environmental Conditions. The space cabin environmental
conditions consisting of 70% oxygen and 307o nitrogen at 5 psi,
25 + 2°C and 50 + 10% RH were simulated in the high altitude
environmental chamber in conjunction with a specially designed
manifold airlock system. The manifold consisted of a series of
small chambers which contained the microthread frames. The
manifold chambers were exposed to the 5 psi environment by
recirculating the atmosphere in the high altitude chamber through
the manifold by means of a vacuum pump. The temperature and
humidity were monitored by a humidity sensor mounted in the
exhaust side of the manifold system. For sampling the appro-
priate chambers were isolated by closing valves at both ends,
enabling individual microthreads to be removed without dis-
turbing the environmental conditions in the other chambers.
In parallel experiments ground level temperature and humidity
conditions were controlled to coincide with the simulated space
cabin environment in an incubator by means of a continuous
flow of pre-conditioned air.
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Aerosolization Techniques. To prepare the vegetative
bacteria for aerosolization, the microorganisms were inoculated
into 500 ml of growth media and incubated at 37°C for 18 to 24
hr. The culture was then centrifuged for 30 min at 2,000 rpm
and the bacteria were resuspended in a phosphate buffer contain-
ing sodium alginate and sucrose. Antifoam and the physical
decay tracer were added to this suspension to provide an inti-
mate mixture. The mixtures were aerosolized by means of a
Collison spray fixture for 1 to 5 min, depending on the micro-
organism.
In each experiment, 21 frames were exposed to the aerosol
and the frames were randomly divided into groups of three frames
each. One group was assayed immediately, three groups were
maintained at the 5 psi environment and three at ground level
conditions. After the desired elapsed time the microorganisms
were assayed by resuspending the captive aerosol on the micro-
threads in appropriate collecting fluid, diluting the suspensions
to a minimum of three dilutions, and inoculating duplicate agar
plates containing the appropriate media. The plates were incu-
bated at 37°C for 24 to 48 hr and counted.
III. RESULTS AND DISCUSSION
JB. subtilis. The survival of B_. subtilis spores was
studied initially to determine the applicability of this micro-
organism as a physical decay tracer. Experiments were conducted
(a) to evaluate the reproducibility of recovery of spores from
microthreads, (b) to determine the recovery of the spores at
various aerosol ages, and (c) to estimate the decay rate of the
airborne spores.
Table 1 shows the geometric recovery means and 95% confi-
dence limits obtained in six replicate experiments. The means,
2
expressed as B_. subtilis spores x 10 /frame, are based on results
of individual assays of 21 frames within 30 min after dissemina-
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tion. Analysis of variance indicated that within a given experi-
ment the differences between the frames were not significant
(F = 0.407).
Table 2 shows the recovery of B_. subtilis spores from
microthread frames stored at 5 psi and at ground level condi-
tion for 28 days. The data clearly suggest that there were
no significant change in the concentration of spores after 28
days of storage at 5 psi or ambient environment. Analysis of
variance confirmed this observation and indicates that the dif-
ferences between the recovery means observed at 5 psi and ground
level conditions were not significant on any given day (F=0.773).
Similarly, the differences between the mean days counts within
each of the environmental conditions were not significant
(F = 0.849 at 5 psi; F =0.508 at ground level).
The B_. subtilis recovery data obtained during subsequent
experiments, where the spores were used as physical decay tracer
were utilized to estimate the biological decay rate of the
spores. Based on 54 hr aerosol survival studies the decay rates
of B_. subtilis spores at 5 psi and ground level condition were
0.98%/hr and 0.9670/hr, respectively. Thus it is apparent that
spores of 15. subtilis are most appropriate as a physical decay
tracer for studies of airborne vegetative bacteria in 5 psi
environment.
Vegetative Bacteria. The decay of the microorganisms
was measured by quantitation of the airborne vegetative bacteria
and B_. subtilis spores at various time periods after dissemina-
tion. Estimates of survival of the bacteria in the aerosol were
computed by dividing the ratio of the vegetative bacteria to
B. subtilis in the microthread aerosol samples by the ratio of
the two products on microthreads immediately after dissemination.
The results were multiplied by 100 in order to provide percentage
expressions. The slope of the curve, expressed in percent per
hour units (%/hr), defined the biological decay rate of the
III RESEARCH INSTITUTE
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vegetative bacteria. The biological decay rate, which defined
the losses due to inactivation or death of the microorganisms,
represented the difference between the total decay rate and the
rate of decay of B_. subtilis spores used as the physical tracer.
The study of E\ aeruginosa was comprised of three
replicate experiments whereby the elapsed aerosol storage time
ranged from 2 to 12 hr. The fluid used for dissemination con-
sisted of a phosphate buffer containing sodium alginate and sucrose
(PBMS). The collecting and diluting fluid was gelatin phosphate.
Duration of the exposure of microthreads to the aerosol was
5 min.
In the study of S^. aureus, three replicate experiments
were conducted and the elapsed aerosol storage time ranged from
2 to 42 hr. The experimental methodology was the same as for
J\ aeruginosa.
Three replicate experiments were conducted with the beta-
hemolytic streptococcus and the elapsed aerosol storage time
ranged from 1 to 24 hr. The rate of deposition of the
streptococcus on the microthreads was somewhat higher than that of
the other microorganisms, thus the duration of exposure tc the
aerosol was held to 1 min. The disseminating fluid was PBMS and
gelatin phosphate served as the collecting and diluting fluid.
D_. pneumoniae, was studied in three replicate experiments
at elapsed aerosol storage time ranging from 1 to 54 hr. The
methodology of dissemination and collection of the aerosol was
the same as for the streptococcus, except that the exposure of the
frames to the aerosol was 5 min.
Results of the exploratory studies are summarized on
Table 3. The values, based on the ratios of the vegetative
microorganisms to 13. subtilis spores, represent the mean percent
survival at various microthread aerosol ages. The ratio at time
0, immediately after the dissemination, was assumed to represent
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1007o initial survival. These data were utilized to estimate
the biological decay rate of the various microorganisms
(Table 4). Because of the rather small number of replications
obtained at each point the data should be considered as indica-
tions of trends, rather than as absolute values. Nevertheless,
it can be seen that the various microorganisms decayed at
different rates at ground level environmental condition. The
5 psi environment did not appear to alter the biological decay
rate of B_. subtilis, S^ aureus, and P_. aeruginosa. The decay of
D. pneumoniae and of streptococcus increased approximately
3 and 2 fold, respectively. However, because of the limited
number of replications, the statistical significance of these
differences could not be confirmed.
The decay rate of the bacterial agents is of major impor-
tance to understanding the potential epidemiology of associated
diseases. For example, the number of bacteria liberated during
various respiratory activities is approximately 200 during
talking, 3000 per cough, and more than 4500 per sneeze. Apply-
ing the estimated decay rates to these numbers would suggest
that after 12 hr the surviving numbers of D_. pneumoniae would be
175, 2600, and 4000 while corresponding surviving numbers of
JP. aeruginosa would be 8, 120, and 180. Thus, assuming equiva-
lent initial concentrations of the bacteria, after 12 hr the
surviving fractions of D. pneumoniae, beta-hemolytic streptococ-
cus, S_. aureus, and P. aeruginosa would be approximately 8870,
697,, 377o, and 47o, respectively.
-IV. SUMMARY
The preliminary investigation of the survival of airborne
bacteria deposited on microthreads indicated differences in
resistance related to the species of the bacteria. Under ground
level conditions the lowest biological decay rate was observed
for B_. subtilis spores and D. pneumoniae. The beta-hemolytic
streptococcus, S. aureus, and P. aeruginosa decayed approxi-
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mately 3, 8, and 23 times faster. The 5 psi environment did
not appear to significantly influence the biological decay
rates, although somewhat increased decay was observed for
D. pneumoniae and the beta-hemolytic streptococcus.
REFERENCE
1. May, K. R., and Druett, H. A., J. Gen. Microbiol. 51. 353,
1968.
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Table 1
REPRODUCIBILITY OF RECOVERY
OF B. SUBTILIS SPORES FROM MICROTHREADS
Expt. No.
1
2
3
4
5
6
Spores
Mean*
5.36
13.8
3.77
12.8
15.5
9.02
3
x 10 /frame
957o
4.17
11.0
3.10
10.5
13.7
7.58
C.L.
-.6.55
-15.7
- 4.44
-15.0
-17.4
-10.5
^Geometric means based on assay of 21 micro-
thread frames.
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Table 2
RECOVERY OF B. SUBTILIS SPORES
FROM MICROTHREADS STORED AT 5 PS I
AND GROUND LEVEL CONDITION
3
Spores x 10 /frame
Aerosol
Age, days
0
1
4
7
14
21
28
Ambient
Mean*
2.
2.
2.
2.
2.
3.
2.
92
81
82
59
57
93
49
1
1
1
1
0
2
1
957o
.29
.51
.32
.07
.48
.11
.83
C.L.
- 6.
- 5.
- 6.
- 6.
-13.
- 7.
- 3.
5 psi
Mean* 95%
65
25
05
25
9
35
39
2
4
3
2
3
2
.93
.24
.69
.13
.88
.83
1
2
1
0
0
1
.05
.49
.72
.40
.88
.83
C.L.
- 8.20
-7.25
- 7.90
-11.5
-16.4
- 4.37
^Geometric means based on assay of 3 microthread frames.
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Table 3
SURVIVAL OF BACTERIA ON MICROTHREADS
IN 5 PSI ENVIRONMENT
Aerosol
age, hr
1
2
3
6
9
12
24
42
54
Percent Aerosol Survival*
S . aureus
Amb. 5 psi
'•-••.
(88.9) -
50.9 41,7
29.8 9.2
- . .
. - . : -
13,4 5.3
2.4 0.5
- -
P. aeruginosa
Amb. 5 psi
(27.9)** -
18.0 14.4
(8.7)
9.0 12.1
3.6 4.9
2.7 2.2
_ - '•'..-. •
-
- .
D. pneumoniae Streptococcus
Amb. 5 psi Amb.
85.0 69.5 87.6
-
Ill 29.8 103
- -
- .
'
- " 46.9
- • _
59.2 15.4
5 psi
87.6
-
129
•-
-
-
26.4
-
-
*Initial recovery ratio at time 0 considered as 100% survival.
**Values-in parenthesis not used for calculation of biological
decay rate.
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Table 4
BIOLOGICAL DECAY RATE OF BACTERIA
IN 5 PSI ENVIRONMENT
: .Microorganism
B. subtilis
D. prieumoniae
Streptococcus , p-hem
S . aureus ;
P. aerugiriosa
Aerosol
age, hr
54
54 . . .:.
24
42
12
BD.R,*.
Amb
0.96
0.94
2.78
7V90
23.2
;%/hr
5 psi
0.98
2.63
5.20
10.3
23.5
^Biological decay rate.
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B.
FECAL MICROFLORA OF MICE
MAINTAINED IN SIMULATED SPACE CABIN ENVIRONMENT
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FECAL MICROFLORA OF MICE
MAINTAINED IN SIMULATED SPACE CABIN ENVIRONMENT
I. INTRODUCTION
The significance of normal intestinal microflora has been
the subject of several investigations, results of which sug-
tested that a complex relationship exists between an animal
host and its indigenous flora. Disturbance of this ecologic
balance could have a significant effect on the general health
state. For example, several species of intestinal microorganisms
are known to participate in the synthesis of vitamin B complexes
(ref. 1). Invasion of small intestines by Escherichia coli due
to accumulation of undigested food and reduced liquid intake can
result in vomiting and diarrhea. Prolonged antibiotic treatment
could result in reduction of bacterial flora and allow for pre-
dominant growth of fungi causing persistent diarrhea-.
Studies previously reported from our laboratories indicated
that exposure of mice to a simulated space cabin environment re-
duced their resistance to respiratory infections caused by
inhalation of airborne Klebsiella pneumoniae or influenza virus
(ref. 2, 3, 4, 5). Furthermore, exposure to 35,000 ft altitude
at ground level partial pressures of oxygen, appeared to reduce
the effectiveness of treatment of staphylococcal infection with
the antibiotic lincomycin (ref. 6)., Thus, exposure to space
cabin environment appears to represent a stress which influences
the host's resistance to infection. The objective of this study
was to further define the effect of extended residency in a simu-
lated space cabin environment on conventional Swiss albino mice.
The parameters of interest included changes in indigenous fecal
microflora, murine virus contact status, and histopathology of
various tissues.
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II. MATERIALS AND METHODS
Animals. Conventional Swiss Webster strain male mice
approximately 6 months old served as the experimental host.
These mice belonged to a larger group of animals used previously
in studies of normal microflora. Throughout the experiments the
animals were held in filter-capped sterile cages containing
sterilized bedding.
Two weeks before the initiation of the studies and
throughout the experimental period the mice were maintained on
a sterile commercial diet (Hallwood Co., Muskegon, Michigan).
The diet consisted of ground wheat middlings, fish meal, meat
meal, blood flour, dried milk solids, dehydrated alfalfa, soy-
bean meal, soybean oil, propylene glycol, Brewer's yeast, kelp,
and bone meal. The diet, supplemented with various vitamins,
contained sufficient quantity of liquids so that addition of
water was not needed to fulfill the water requirements.
Environment. The experimental mice were held for the
duration of the study in a flexible film isolator located inside
the high altitude environmental chember (ref. 4). The simulated
space cabin environment maintained in the chamber was 5 psi pres-
sure (equivalent to 27,000 ft altitude), 70% oxygen and 30%
nitrogen at 25 + 2°C and humidity ranging from 50 to 98% RH. Con-
trol mice were kept in a similar isolator at ground level
condition.
Microbiological Methods. Six experimental and four con-
trol mice were permanently marked at the initiation of the
experiments and their fecal microflora was studied individually.
Approximately 40 mg of freshly voided fecal pellets, obtained
under sterile condition, were added to 4.0 ml of a sterile modi-
fied Amies transport medium and thoroughly mixed. The Amies
medium was modified whereby sodium thioglycollate was replaced
with 1.0 g of cysteine hydrochloride, the charcoal was completely
eliminated and the agar content was reduced to 0.1%,. Serial ten-
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fold dilutions of the suspensions were made in sterile nutrient
broth and duplicate streak plates were prepared by spreading
0.1 ml of the dilutions on plates containing various selective
media shown in Table 1.
In general, the methods suggested by Hagen et al (ref. 7)
were used for the incubation, enumeration and identification of
the microorganisms. .For assay of the aerobic and anaerobic
microflora the plates were incubated at 37°C for 24 and 48 hr,
respectively, and the colonies were counted. To differentiate
streptococci from gram positive microorganisms on the phenyl-
ethylalcohol agar, the plates were flooded with 570 hydrogen
peroxide after incubation and colonies showing a catalase
negative reaction were counted as streptococci. Colonies
observed on MacConkey's agar were enumerated as either lactose-
positive or lactose-negative coliforms. For qualitative
recovery of Salmonella sp., fecal material suspended in the
transport medium was inoculated into selenite cystine broth
(Difco), incubated at 37°C for 24 hr, and plated on brilliant
green agar. Serological identification was made as required.
Detection of Murine Virus Antibodies. Serum antibody
levels against various murine viruses were determined by
the microtiter technique (ref. 8). The survey methods included
the appropriate hemagglutination-inhibition or complement-fixa-
tion tests against the following rodent viruses: mouse
adenovirus, mouse hepatitis, Kilham rat, K virus, pneumonia
virus of mice (PVM), polyoma, reovirus type 3, Sendai, Theiler's
mouse encephalomyelitis (GDVII), Toolan's H-l, and lymphocytic
choriomeningitis virus (LCM).
Histopathology. Upon completion of the experiments the
mice were autopsied and lung, heart, kidney, spleen, adrenal,
liver, small intestine, and large intestine were removed and
weighed. Representative tissues were fixed in'a.10% phosphate
buffered formalin solution, blocked in paraffin and 4 jx thick
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sections were cut in a rotary microtome. The sections were
stained with hematoxylin and eosin and observed under a micro-
scope at 100 x and 400 x magnifications. Photomicrographs were
taken as appropriate.
III. RESULTS AND DISCUSSION
Fecal Microflora. Fecal pellets were taken periodically
for approximately 12 months and quantitative assays of the indi-
vidual samples were made for micrococcus, lactobacillus, lactose
positive and negative coliforms, and total anaerobic microflora.
Assays for total aerobes and streptococci were carried out over
a 4-month period only. Results of the assays are expressed as
mean concentration (log^Q of counts) of microorganisms per gram
of fecal sample. Where appropriate the significance of the
differences between the experimental and control counts, analyzed
by the Student "t" test, are reported at P < 0.05.
With the exception of streptococci and lactose positive
coliforms, the concentration of all microorganisms decreased
significantly within 1 day of entry into the 5 psi environment.
The depressed counts of micrococci, lactose negative coliforms,
total aerobes and total anaerobes persisted for 1 month.
The streptococcus recovery data (Figure .1) ^sug-
gested that an increase in counts occurred in the control
animals during the first month of the experiment. Thereafter the
control counts were approximately constant for the remaining
3 months. Streptococcus counts in fecal samples of mice exposed
to the 5 psi environment decreased slightly during the first 7
days of exposure and the mean count calculated for the first
month was similar to the initial preexposure level. During the
remaining 3 months of the exposure, a constant raise in ;the
streptococcus counts was seen and the mean count on the fourth
month was significantly higher than in the controls.
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The total aerobic microflora counts in fecal samples of
control mice were stable throughout the 4 month period, ranging
93 98from 10 ' to 10 ' /g (Figure 1). However, in the 5 psi environ-
ment the total aerobes decreased significantly within 24 hr
99 77(10 •" to 10 * /g) and the reduced counts persisted for 1 month.
During the remaining sampling periods the total aerobic counts
in the feces of the experimental mice approached or exceeded
those of the control animals.
A cyclic pattern was seen in the counts of lactose posi-
tive enterics (Fig. 1) with the peaks occurring at 2 and 6
months and 1 and 5 months for the experimental and control mice,
respectively. The low counts for both groups were observed at
the 3 and 8 month sampling periods. Statistical analysis of the
lactose positive enterics count at each sampling period indicated
no significant differences between the experimental and control
mice. During the 12 month period the counts fluctuated between
o /:
10 and 10 /g in both groups of animals. At the end of the
holding period the number of lactose positive enterics was simi-
lar to that found at the initiation of the studies.
Results of assay of the lactose negative enterics
(Figure 2) were difficult to interpret because of the wide varia-
tions in individual counts within both the experimental and
control groups. In the control group the counts decreased
8 5
steadily during the 12 month period from approximately 10 " to
10 /g. In the experimental group there was an initial decrease
from 10 * to 10 /g at 1 month followed by an increase whereby
Q O
a concentration of 10 * /g was reached three months later. The
counts thereafter decreased gradually to a concentration of
10 /g at the end of the study.
The counts of micrococci (Figure 2) in the control group
of mice remained approximately constant during the initial
3 month period. Thereafter, a gradual decrease to a concentra-
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tion of approximately 10 * /g was observed. In the experi-
mental animals a significant reduction in micrococcus counts
from 10 * to 10 ' /g was observed within 1 day after entry in-
to the space cabin environment and the count remained
significantly lower for up to 1 month. During the first month's
four sampling periods the experimental and control counts
ranged from 104'8 to 106'5/g and from 109'° to 109*2/g, respec-
tively. Thereafter, the numbers of micrococci in feces of the
experimental mice increased, and during the 4th month they
approached the concentrations initially observed in the control
mice. Thus, the micrococcus counts in the fecal samples of
experimental mice increased to approximately 10 ' /g and re-
mained fairly constant at this level until the 9th month.
During this period the micrococcus counts were significantly
higher in the experimental mice than in the controls. During
the remaining three sampling periods a continual decrease was
observed in the experimental samples reaching a level of
C O
approximately 10 ' /g at the termination of the study.
Both groups of animals showed periodic and almost
parallel changes in the concentration of lactobacilli (Figure 3).
For mice exposed to the 5 psi environment the peak counts were
observed at 3, 6, and 10 months and : the low counts at 4, 7, and
11 months. The high lactobacillus counts in the control groups
were observed at 3, 6, and 12 months while the low counts occurred
at 4 and 8 months. With the exception of the 1 day sampling
period the experimental group of mice showed the higher counts.
However, in general, the counts were rather stable and during
87 98the 12 month period ranged from 10 to 10 /g for controls
92 10 3
and from 10 to 10 for the experimental mice.
The total anaerobic counts in fecal samples of both
.groups of mice were fairly stable throughout the study. During
. Q 9 Q Q
the 12 month period the counts ranged from 10 * to 10 * /g in
the control mice and in the mice maintained in the 5 psi environ-
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ment from 10 to 10 /g. Significant differences between the
experimental and control groups of total anaerobes were noted
during the first 7 days after entry into the 5 psi environment
and again at the 7 and 9 month sampling periods (Figure 3).
During the 12-month study, salmonella was recovered from
fecal samples of one control mouse on sampling day 50 and 71
(2 and 3 month) and in another control animal on day 60 (2 month).
Salmonella was also recovered from one experimental mouse on days
50 and 60 (month 2) and from another experimental animal on day
60 (month 2). Throughout the study yeasts and molds were not
detected on the Littman oxgall agar.
Murine Virus Antibody. For detection of murine virus
antibody, groups of mice were sacrificed prior to entry into the
high altitude environmental chamber and after 12 months mainte-
nance in both 5 psi and ground level environment. No detectable
antibody levels against PVM, K. virus, mouse adenovirus, LCM,
Kilham rat, Toolan's H-l, or polyoma virus were found. Anti-
body against GDVII virus was found in all mice whereby the
titers ranged from 1:40 to 1:320. Antibody levels of 1:10 to
1:40 against reovirus 3 and 1:10 and 1:20 against Sendai virus
were found in control and experimental mice on day 364. Mice
were also sacrificed after 7, 28, and 60 days in the 5 psi
environment. Antibody titers of 1:10 against Sendai virus were
found at all three sampling periods. On day 60, 2 of 5 mice had
marginal titers (1:10) against mouse hepatitis antigen. GDVII
antibody ranging from 1:40 to ^ _ 1.80 was found in all mice at
all three sampling periods. In general, the 5 psi environment
did not appear to increase the frequency nor the level of
detectable murine virus antibody.
Histopathology. Tissue sections from the 18-month old mice
were examined for pathological changes. In both, control and
experimental groups, hemosiderosis and an increase in the
numbers of megakaryocytes was present in the spleen. In the
lung, focal interstitial pneumonia with and without peribronchial
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lymphocytic cuffing was observed. In some cases, congestion
accompanied these changes. Spontaneous lung alveolar cell
carcinomas were a common finding. In addition, focal accumula-
tions of round cells in the kidney interstitium were noted.
All of these tissues were considered normal for aged mice, with
no apparent differences seen between control and experimental
mice.
IV. SUMMARY
Conventional Swiss Webster mice were monitored for one
year for the detection of murine virus antibodies and for the
microbiological analysis of fecal flora. Mice were held for
the duration of the study in flexible film isolators at either
5 psi, or at ground level conditions. With the exception of
streptococci and lactose positive coliforms, the concentration
of micrococci, lactose negative coliforms, total aerobes, total
anaerobes, and lactobacilli decreased significantly within
1 day of entry into the 5 psi environment. Thereafter, the
counts varied considerably, with the greatest deviation from
controls appearing in the micrococcus group. Quantitative
changes in the microflora were not reflected in the overt
appearance of mice, which appeared healthy throughout the study.
The 5 psi environment did not alter the frequency nor the level
of detectable murine virus antibody. Histopathologic examina-
tion indicated that all tissues were normal for aged mice, with
no apparent differences seen between control and experimental
animals.
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Table 1
ISOLATION MEDIA FOR INTESTINAL MICROFLORA OF MICE
Group
I
I-1
o
Aerobic Bacteria
Medium
Anaerobic Bacteria
Fungi
Trypticase soy agar (BBL)
with 5% sheep blood
Colbeck EY agar (Difco)
Phenylethylalcohol agar (BBL)
with 57o sheep blood
MacConkey's agar (Difco)
Trypticase soy agar (BBL)
with 5% sheep blood
LBS agar (BBL)
Littman oxgall agar (Difco)
Microorganism
Total aerobes
Micrococci
Streptococci
Enteric bacteria
Total anaerobes
Lactobacilli
Yeasts and molds
CONTROL
EXPERIMENTAL
STREPTOCOCCUS
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o
o
o
o
I II I
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FIGURE 3 - LOG10 COUNTS OF LACTOBACILLUS AND TOTAL ANAEROBIC BACTERIA.
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EFFECT OF ANTIBIOTIC TREATMENT
ON FECAL MICROFLORA OF MICE
MAINTAINED IN SIMULATED SPACE CABIN ENVIRONMENT
I. INTRODUCTION
Studies previously reported from our laboratories in-
dicated that exposure of mice to 35,000 ft altitude (3.5 psi)
at ground level partial pressures of oxygen appeared to reduce
the effectiveness of treatment of staphylococcal infection with
the antibiotic lincomycin (ref. 1). To further evaluate the
effect of antibiotics in a simulated space cabin environment
this study was conducted to determine the influence of various
antibiotic regimens on normal fecal microflora of mice maintained
in a 5 psi environment.
II. MATERIALS AND METHODS
Mice. Conventional Swiss Webster strain male mice,
5 to 7 weeks old were used. Throughout the experiments, the
mice were held in filter-capped sterile cages containing
sterilized bedding and were maintained on a sterile commercial
diet (Hallwood Co., Muskegon, Michigan).
Environment. The simulated space cabin environment was
represented by a 7070 oxygen and 30?0 nitrogen atmosphere,
27,000 ft altitude (5 psi), 25 + 2°C, and humidity of approxi-
mately 98% RH.
Microbiological Assay. Methods suggested by Hagen et al
(ref. 2) and described in detail in Section B of this report
entitled "Fecal Microflora of Mice Maintained in Simulated Space
Cabin Environment," were used for collection and preparation of
the fecal samples and for the assay and identification of the
bacteria. The fecal samples taken at various time periods be-
fore or after the treatment with the antibiotic were
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quantitatively assayed for micrococci, streptococci, lacto-
bacilli, lactose positive and lactose negative coliforms,
and for total aerobic and anaerobic bacteria . The bacterial
counts are reported as I°g-i0 concentration per gram of fecal
sample.
Antibiotic. The antibiotic used in all experiments
was oxytetracycline, Terramycin (Charles Pfizer and Co.,
New York, N. Y.). The concentration of Terramycin,was based
upon the recommended optimal dosage for human adults, and
the dosages varied depending on the average weight of mice
used in each experiment.
Experimental Design. . The mice were held at the 5 psi
environment for 2 or 3 days and then were given three sub^
cutaneous injections of Terramycin. Fecal sampled for assay
of the normal microflora were taken immediately before the
treatment with the antibiotic and at various time periods
thereafter. Control mice were treated with the Terramycin
in an identical manner but were maintained at ground level
condition throughout the experiments.
III. RESULTS AND DISCUSSION
Table 1 shows the mean concentrations of lactose
negative and lactose positive coliforms and micrococci in
fecal samples of groups of 4 mice held in the 5 psi environment
for 2 days and treated with Terramycin. After the 2 day holding
period in the 5 psi environment the mice were given two daily
injections of 500 |ag/mouse Terramycin followed by a third
injection of 1000 |_ig/mouse, 5 days later. The concentrations
of lactobacilli and total anaerobic bacteria, not shown in the
table, did not differ significantly between or within the
experimental and control groups of mice. Lactose negative
coliform counts in mice kept in the 5 psi environment increased
significantly one day after the final Terramycin injection (Tg).
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Concentration of the microorganisms remained approximately
constant in control mice treated with the antibiotic but held
at the ground level condition. Lactose positive coliform
counts decreased in both groups after injection of the anti-
biotic but the effect of Terramycin treatment was most apparent
one day after the last injection (Tg) in the group held at
the ground level condition.
After 2 days in the 5 psi environment, concentration
of micrococci was markedly higher in feces of mice held at the
5 psi environment than in those held at the ground level
condition. However, treatment with Terramycin appeared to have
little effect on the micrococci count in the fecal samples.
When the mice were removed from the 5 psi environment after
22 days and held at ground level condition for 14 days (Tog)
a three log decrease in titer was observed.
Table 2 shows the mean concentration of fecal micro-
organisms of groups of 5 mice held in the 5 psi environment
for 3 days and during the ensuing three consecutive days
injected with 810 p.g of Terramycin/mouse/day. The count of
total anaerobic bacteria and lactobacilli in the fecal samples
did not differ significantly between or within the experimental
and control groups of mice. The concentration of lactose
negative coliforms in mice held in the 5 psi environment in-
creased somewhat one day after the Terramycin treatment (T7)
but decreased approximately three logs two weeks later. The
counts remained constant in the control mice given the Terra-
mycin and held in the ambient environment. Lactose positive
coliform counts gradually decreased by two to three logs in
both groups of mice. Before the Terramycin treatment the
micrococcus counts were 4.5 log higher in mice kept in the
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5 psi environment than in those held at ambient condition.
Terramycin treatment did not have any marked effect on the
micrococci count. However, upon removal of the mice from
the 5 psi environment to the ground level condition a five
log decrease in concentration of this microorganism was
observed during the 14 day holding period.
Table 3 shows the fecal microflora of groups of 8 mice
held in the 5 psi environment or at ground level condition
for 3 days and then receiving three daily injections of
850 Mg/mouse of Terramycin. During this experiment four
of the eight mice kept in the 5 psi environment for 18 days
were transfered to the ground level condition and maintained
in this environment for additional 13 days. The other four
mice remained in the 5 psi environment for the same period
of time. Fecal samples were taken immediately before entry
into the 5 psi environment (T ) after 3 days at 5 psi (To)
and 1, 12, and 25 days after the last Terramycin treatment
(Ty, T-Q, and T.,,). Throughout the experiment the concen-
trations of total anaerobic bacteria and lactobacilli did
not differ significantly between or within the various
groups of mice.
The lactose negative coliform counts (Table 3) in
the control group of mice decreased after the Terramycin
treatment and remained at the reduced level for the duration
of the study. The Terramycin treatment appeared to have a
similar effect on the concentration of lactose negative
coliforms in fecal samples of mice held in the 5 psi environ-
ment, with the exception of the 1,
 Q sampling period when thelo
concentration increased to three logs. However, this high
titer might reflect on experimental error since the lactose
negative coliform counts were low at all the sampling periods
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Lactose positive coliform counts decreased slowly in both
groups of mice and showed some degree of variability through-
out the experiment.
Initial micrococcus counts in this group of mice
were higher than in those used in the other experiments.
This could have been due to a mild diarrhea observed in those
mice. The concentration of micrococci increased in fecal
samples of mice kept in the 5 psi environment but did not
appear to be influenced by the antibiotic treatment. After
removal from the 5 psi environment, one log decrease in the
micrococci count was observed. The concentration of micro-
cocci in feces of the control mice decreased during the
Terramycin treatment and remained at the reduced level for
the duration of the experiment.
In another antibiotic study groups of eight mice were
held in the 5 psi environment for 3 days, injected daily
for 3 days with 850 M,g/mouse/day of Terramycin and followed
by three daily Terramycin injections (850 p,g/mouse/day)
3 days later. The experimental mice were held in the 5 psi
environment for the duration of the study. Control group
of 8 mice received identical antibiotic treatment but was
held at ground level condition. Fecal samples were taken
and assayed immediately before, and at 3, 7, 13, 21, 34,
46, 61, and 76 days after entry into the 5 psi environment.
The data indicated that throughout the experiment the
fecal counts of total anaerobic bacteria and lactobacilli
did not differ significantly between or within the two groups
of mice. The concentration of total anaerobic bacteria
ranged from 10 to 10 /g and of the lactobacilli from 10
to 10 /g. These concentrations were in good agreement with
those observed in the previous experiments.
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As seen in Table 4 the lactose negative coliform counts
in the control group of mice did not appear to be affected
by the Terramycin treatments. However, in mice held in the
5 psi environment, the lactose negative coliform counts
increased by three logs one day after the last of the six
antibiotic injections (T,Q). The concentration of this micro-
organism remained high for the next three week period (T,g>
and TO-I ) before decreasing 3.5 logs by day T,o- Lactose
positive coliform counts decreased in both groups with the
decreases being very gradual over the 73 day observation
period.
The micrococcus counts increased after the mice were
placed in the 5 psi environment and remained at this elevated
level for the duration of the study. The increase in micro-
coccus counts resulting from entry into the 5 psi environment
was similar to that observed in most of the previous studies.
The micrococcus counts in the group of mice kept at ground
level condition remained constant. In both groups of mice
Terramycin treatment did not appear to alter significantly
the concentration of the micrococcus.
IV. SUMMARY
Treatment of mice with the antibiotic Terramycin did
not influence significantly the concentration of total
anaerobic bacteria or lactobacilli, irrespective whether the
mice were kept in the 5 psi environment or at ground level
condition.
In control mice held at the ground level condition
the counts of lactose negative coliforms also did not appear
to be affected by the subcutaneous injections of Terramycin.
In fecal samples obtained from mice held in the 5 psi environ-
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merit, in general, some increase of lactose negative coliforms
was observed within one day after termination of the anti-
biotic treatment. However, the concentrations returned to
pre-treatment levels during the extended holding period in the
5 psi environment.
Counts of lactose positive coliforms in fecal samples
decreased after the treatment with Terramycin, irrespective
whether the mice were held at 5 psi environment or at ground
level condition.
Concentration of micrococci did not decrease in fecal
samples obtained from mice held at ground level condition
and injected with Terramycin. The micrococci counts were
considerably higher in mice held in the 5 psi environment than
in mice held at ground level condition but the Terramycin
treatment appeared to have no marked effect on the count. In
three experiments in which the mice were removed from the
5 psi environment and were held at ground level conditions
for 14 days the micrococcus counts decreased two to five logs.
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Table 1
CONCENTRATION OF FECAL MICROFLORA OF MICE
TREATED WITH TERRAMYCIN
Terramycin treatment: Daily injections of 500 (ig/mouse on
2 consecutive days followed 5 days
later by single injection of 1000 (xg/mouse
Microorganism Environment Day of Sampling'
Coliforms, lact. neg.
Coliforms, lact. pos.
Micrococci
Ambient
5 psi
Ambient
5 psi
Ambient
5 psi
T2
4b
4
8
8
5
8
T9
3
8
5
7
3.5
9
T122
3
4
4
6
3.5
8
T36
3
3
4
3
5
5
Sampling: H* = 2 days at 5 psi-before Terramycin treatment.
TQ = 9 days at 5 psi-1 day after final Terramycin
injection.
Too3 ^  ^ays at ^ psi-14 days after final Terramycin
injection.
T~6= 22 days at 5 psi + 14 days at ambient-28 days
after final Terramycin injection.
of fecal sample.
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Table 2
CONCENTRATION OF FECAL MICROFLORA OF MICE
TREATED WITH TERRAMYCIN
Terramycin Treatment: Daily injections of 810 u.g/mouse
on 3 consecutive days.
Microorganisms
Coliforms, lact. neg.
Coliforms, lact. pos .
Micrbcocci
Environment
Ambient
5 psi
Ambient
5 psi
Ambient
5 psi
Day
T3
5b
6
7
7
4.5
9
of
T7
4
7.5
6.5
7.5
4.5
9
Sampling3
T20
4
4
5.5
5.5
3.5
10
3^44.5
4.5
4
5
4.5
5
Sampling: T3 = 3 days at 5 psi-before Terramycin treatment.
T7 = 7 days at 5 psi-1 day after final Terramycin
injection.
T9n= 20 days at 5 psi-14 days after final Terramycin
zu
 injection.
T3,= 20 days at 5 psi+14 days at ambient-28 days
after final Terramycin injection.
of fecal sample.
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Table 3
CONCENTRATION OF FECAL MICROFLORA OF MICE
TREATED WITH TERRAMYCIN
Terramycin treatment: Daily injections of 850 M.g/mouse on
3 consecutive days.
.y ../ Microorganism Environment Day of Sampling3
. . • • ' , . 0 3 7 1 8 3 1 j l A
. . ' ' • • • ' . Coliforms, lact. neg. Ambient 7 6 5 4 5
>', ' 5 psi 7 5.5 5 85 4.5
•V • Coliforms, lact. pos. Ambient 8 7 7.5 6 6.5
•;:,: '•';..-.•. 5 psi 8 8.58 5 7 5
"Micrococci Ambient 7.5 6 5 5 5
5 psi 7 7.5 9 8.5 9.5 7.5
• - • sk
'•'•-.'. Sampling: T~ = Immediately before entry into 5 psi.
T-j = 3 days at 5 psi-before Terramycin treatment.
Tj = 7 days at 5 psi-1 day after final Terramycin
injection.
-
 T18= ^ days at 5 psi-12 days after final Terramycin
injection.
T31= ^ ^ays at ^ psi-25 days after final Terramycin
injection.
T31A=18 days at 5 psi + 13 days at ambient-25 days
after final Terramycin injection.
Iog10/gram of fecal sample.
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EFFECT OF A SIMULATED SPACE CABIN ENVIRONMENT
ON VACCINE INDUCED IMMUNITY
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EFFECT OF A SIMULATED SPACE CABIN ENVIRONMENT
ON VACCINE INDUCED IMMUNITY
I. INTRODUCTION
Considerable amount of information has been collected
during this contract concerning the effect of simulated space
cabin environment on normal gastrointestinal microflora of mice,
and on susceptibility of mice to infection. However, data per-
taining to the effects of simulated space cabin environment on
specific immune system were lacking. The purpose of this study
was to determine the immunological response of mice vaccinated
with a highly immunogenic influenza vaccine and maintained in a
simulated space cabin environment (5 psi) of 70% oxygen and 307o
nitrogen, at 25 + 2°C and 50 + 10% RH.
Oxygen tensions slightly above normal appear to enhance
bacterial growth and increase susceptibility to disease. Smith
(ref. 1) observed increased antibody titers in rats continuously
exposed to 20,000 ft altitude. The same author reported a signi-
ficant increase in hemolysin titer in rabbits held at 16,000 ft
altitude for 8 and 10 days after primary immunization. Giron
and Schmidt (ref. 2) were unable to demonstrate any qualitative
or quantitative changes in formation of vaccinia virus antibody
in rabbits exposed to an altitude of 18,000 ft. These authors
observed increased susceptibility to mengovirus only upon change
in pressure from 18,000 ft altitude to ground level or vice versa,
but not when the animals were continuously held in the 18,000 ft
environment (ref. 3).
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II. MATERIALS AND METHODS
Experimental Animals. Specific pathogen-free (SPF) male
Swiss Webster albino mice, 4 to 5 weeks old, weighing 18 to 22 g
(Manor Research North, Staatsburg, N. Y.) were used. The mice
were maintained on a sterile commercial diet (Hallwood Co.,
Muskegon, Michigan) which contained sufficient quantity of
liquids so that addition of water was not needed to fulfill
water requirements.
Virus. The A2/Taiwan/1/64, mouse adapted influenza virus
strain obtained from Abbott Laboratories, North Chicago, 111.,
was passaged in SPF mice in our laboratories.
Vaccine. Chicken embryo A2/Taiwan/1/64 influenza vaccine
(Zonomune), Lot No. YV0910AMV was purchased from Eli Lilly and
Cc ., Indianapolis, Ind. This licensed, commercial product is
an inactivated and zonal centrifuged vaccine.
Serolo^y. Hemagglutination-inhibition (HI) tests were
performed in duplicate by the microtiter method in disposable
"V" plates as described by Davenport and Minuse (ref. 4). All
antisera were heated at 56°C for 30 min and treated with trypsin-
periodate to remove nonspecific inhibitors of hemagglutination.
Scoring of Pulmonary Lesions. The extent of pulmonary
lesions was expressed as a percentage of the total lung consoli-
dated (ref. 5). A score of 1 represented 25% lung consolidation,
2 = 50%, 3 = 75%, 4 = 100%, and score of 5 represented death.
The data were compared by a Student t test and significance was
reported at P< 0.005.
Experimental Design. The protocol used in this vaccine
induced immunity study is shown in Table 1.
Initially (day 0), 30 mice were bled to obtain baseline
serologic information, and 270 mice were vaccinated with 100 CCA
units of the A2/Taiwan vaccine. Simultaneously, 120 mice
serving as controls were vaccinated with phosphate buffered
NT RESEARCH INSTITUTE
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saline (PBS) and 120 mice were held for future virus titrations.
The vaccinated mice were fevaccinated 21 days later.
On day 35, a group of 30 vaccinated mice were bled for
HI tests, and 24 vaccinated and 24 PBS control mice were
challenged intranasally with varying doses of A2/Taiwan in-
fluenza virus. Simultaneously, to determine the dose level of
the virus, titrations were done in mice. On the same day
(day 35) equal numbers of mice from the various groups were
placed in either the 5 psi environment or kept at ground level
condition. To determine the early effect of the 5 psi environ-
ment on the immune response, mice were bled for HI tests and
groups of mice were challenged with four different concentra-
tions of the influenza virus 4 days after entry into the 5 psi
environment (day 39). On days 65 and 125 groups of mice were
bled only, and on day 95 the mice were bled and challenged with
the influenza virus.
Ill. RESULTS AND DISCUSSION
Mortality. The mortality rates and lung scores of mice
maintained at ground level condition and challenged with the
A2/Taiwan influenza virus 35 days after vaccination are shown
in Table 2. The mortality data indicate that the vaccine
afforded excellent protection. The mortality rate in control
-2 -3
mice challenged with 10 and 10 dilutions of the virus was
91 and 7170, respectively, whereas no deaths occurred in the
vaccinated group. When challenged with undiluted virus, the
mortality rate in the vaccinated mice was 5070 compared to 10070
in the control group. Parallel infectivity titrations of the
undiulted virus indicated that the MLD^Q was 7210. The lung
lesions scores further supported the difference between vacci-
nated mice and nonvaccinated controls.
After four days (day 39) the vaccinated mice at both the
5 psi and ground level environment appeared to be resistant to
NT RESEARCH INSTITUTE
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the infectious challenge (Table 2). However, the mortality
rates were higher in the nonvaccinated control and vaccinated
mice held in the 5 psi environment than in those held at ground
level ambient condition For example, when challenged with a
- 3 . ' . . . • • - • ' - . . •
10 dose of virus the mortality rate in the nonvaccinated
control mice kept at ambient condition was 297o whereas that in
the 5 psi environment was 71.%• Simultaneous infectivity titra-
tions of the challenge virus indicated that the MLD.-Q was 1000.
The differences between lung lesion scores of the vacci-
nated and nonvaccinated mice within the respective environments
were significant, confirming the effectiveness of the vaccine
against influenza challenge. However, no significant differences
were found between lung lesion scores of vaccinated mice held at
ground level condition and those held in the 5 psi environment.
Similar absence of difference was observed when lung lesions in
the control nonvaccinated mice held at ambient condition were
compared to control mice held in the 5 psi environment
Parallel infectivity titrations,in mice conducted on the
95th day indicated that the MLD,-Q of the undiluted virus used
in the challenge was 1. This resulted in a much lower mortality
rate in all animals (Table 2). The mortality rate was somewhat
higher in the control nonvaccinated mice than in the vaccinated
group of mice. However, there Was little difference in mortality
rate between mice held in the 5 psi environment and those held
under ambient condition. The differences between lung lesion
scores in the vaccinated and nonvaccinated mice within the
respecitve environments were also not significant. Furthermore,
when lung.lesion scores of vaccinated and nonvaccinated control
mice held at ambient or 5 psi environment were compared, no
significant differences were noted.
Serology. The mean hemagglutination-inhibition (HI) anti-
body levels maasured at various time intervals indicated that
there was little difference in the HI titers (Table 3). The
I IT RESEARCH INSTITUTE
maximum mean titer of 1:79 was reached approximately 2 weeks
after the second vaccine injection and represented a typical
secondary antibody response In addition, antibody levels fell
at a gradual and consistent rate in both groups of mice
IV. SUMMARY
Influenza vaccine offered an effective protection
against influenza virus challenge under both ground level and
simulated space cabin environment conditions. The enhanced
mortality rates observed in vaccinated and nonvaccinated mice
held at 5 psi environment indicated an increased susceptibility
to influenza virus challenge apparently due to exposure to this
environment.. However, the 5 psi environment did not appear to
significantly alter the lung lesion scores in the vaccinated
or the nonvaccinated control mice. There was only slight
difference in mortality rates or lung lesion scores among the
various groups of animals exposed to 5 psi for 60 days,
probably due to the low virus challenge dose. No significant
differences in hemagglutination inhibition antibody titers
were observed between mice held in ambient and in the 5 psi
environments.
NT RESEARCH INSTITUTE
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Table 2
MORTALITY AND LUNG LESIONS IN VACCINATED MICE
CHALLENGED WITH INFLUENZA VIRUS
Virus Accumulative Mortality Rate, % Average Lung Score
Dilution
Day 35
10°
lo-1
10'2
10"3
Day 39
10°
lo-1
10"2
ID'3
Day: 95
10°
_1
10 L
io-2
10"3
Vaccinated
Amb.
50
20
0
0
20
o
0
0
17
10
0
0
5 psi
'
•"- . •
-•
38
18
0
0
14
8
0
0
Control Vaccinated Control
Amb.
100
100
91
71
88
67
47
29
33
21
11
5
5 psi Amb.
1.8
2.0
- 0.16
0.66
100 1.2
94 0
92 0
71 0.3
44 0.2
27 1.0
0 0
0 0
5 psi Amb. 5 psi
5.0a'
- 5.0a
4.3a -
4.3a
.1.0 3.3 5.0a
2.2 2.7a 4.3
0.5 3.3a 5.0a
0.2 3.3a 4.2a
0 0.7 0.8
1.0 0.8 2.5
0 2.8a 0.2
0 1.3 0.3
Difference in lung lesion scores between vaccinated mice and
corresponding controls significant at P/ 0.05, as determined
by t test.
I l l R E S E A R C H I N S T I T U T E
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Table 3
RECIPROCAL HI TITERS OF VACCINATED MICE
Day After
Vaccination
0
35
39
65
95
125
.-i
Days at
5 psi
4
30
60
90
Mean HI
Ambient
<8
65
44
30
26
16
Titer*
5 psi
79
36
14
11
a
 Day 0 and 35 mean titer based on 30
mice on each day.
Day 39 through 125 mean titers based
on 15 mice on each day.
D-9
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INFLUENZA CROSS INFECTION AMONG MICE
MAINTAINED IN SIMULATED SPACE CABIN ENVIRONMENT
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INFLUENZA CROSS INFECTION AMONG MICE
MAINTAINED IN SIMULATED SPACE CABIN ENVIRONMENT
I. INTRODUCTION
Results of previous studies indicated that infected mice
held in a simulated space cabin environment exhibited higher
mortality rates than those maintained at ground level condition.
The purpose of this group of studies was to determine the rate
of cross infection among mice held under crowded conditions in
a simulated space cabin environment. The simulated space cabin
environment was represented by 7Q7o oxygen and 307<, nitrogen
atmosphere, 5 psi at 25 + 2°C and approximately 98% RH. The
parameters measured were mortality rate, lung lesion scores,
and hemagglutination inhibition titers.
II. MATERIALS AND METHODS
Experimental Animals. Male Swiss Webster albino mice,
4 to 5 weeks old, weighing 18 to 22 g (Manor Research North,
Staatsburg, N. Y.) were used. The mice were maintained on a
sterile commercial diet (Hallwood Co., Muskegon, Michigan),
which contained sufficient quantity of liquids so that addition
of water was not needed to fulfill water requirements.
Virus. Influenza A/PR/8/34 virus was received from
Max Rosenbaum, Naval Medical Research Unit No. 4, North Chicago,
III. It has been passaged an undetermined number of times in
mice. Prior to use, the virus harvest was identified in our
laboratories by use of specific A/PR-8 antiserum obtained from
the National Institutes of Health.
Serology. Hemagglutination inhibition (HI) tests were
performed in duplicate by the microtiter method in disposable
"V" plates as described by Davenport and Minuse (ref. 1). To
NT RESEARCH INSTITUTE
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remove nonspecific inhibitors of hemagglutination all antisera
were heated at 56°C for 30 min and treated with trypsin-
periodate.
Scoring of Pulmonary Lesions. The extent of pulmonary
lesions was expressed as a percentage of the total lung con-
solidation (ref. 2). A score of 1 represented 25% lung
consolidation, 2 = 50%, 3 = 75%, 4 = 100% and 5 represented
death.
Experimental Design. The overall study consisted of a
series of four individual experiments. In the first experiment,
24 hr after challenge with influenza A/PR-8 virus, the infected
mice were distributed among two groups of three cages each,
containing non-infected mice in the following manner:
Number of Mice
Cage
A
B
C
Infected
1
2
3
Contact
14
13
12
Total
15
15
15
The cages were held in either ambient or the 5 psi environments
for 14 days after the infection. At the end of this period,
the surviving mice were sacrificed for lung lesion scoring and
the sera were tested for HI antibody levels. To determine the
MLDcQ, 32 mice were infected with influenza virus and one-half
was maintained in the 5 psi environment while the other was
held at ambient condition.
In the second experiment, the infected mice were dis-
tributed among the non-infected mice in an identical manner,
but both groups of mice were further subdivided into two
NT RESEARCH INSTITUTE
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additional groups. The first group was sacrificed after 14-day
exposure to the 5 psi environment, while the second group was
sacrificed after 14-day exposure to the 5 psi environment and
an additional 14-day holding period at ground level condition.
At the end of the 14- and 28-day holding periods the lung
lesions were scored. Groups of eight mice held for 14 and 28
days at the two environmental conditions served as infected and
uninfected controls*
The third experiment was designed to study cross infec-
tion among mice maintained in the 5 psi environment before and
after challenge with the influenza virus. Two cages, each
containing 12 non-infected mice, were maintained in the 5 psi
environment for 3 days and then three infected mice were added
to each cage. As controls, identical groups of mice were
maintained at ambient conditions. After 13 days one-half of the
mice kept at ambient and in the 5 psi environment were sacri-
ficed and lung lesions scored. The remaining mice were removed
from the 5 psi environment and held at ground level condition
for an additional 16 days at which time all mice were sacrificed
and lung lesions scored. Due to equipment malfunction seven days
after initiation of this experiment, the pressure in the high
altitude chamber decreased to ground level pressure and remained
at this level for 72 hr. Nevertheless, the experiment was
completed, since the experimental mice were already at the 5 psi
pressures for 3 days prior to and for 4 days after contact with
the infected mice.
In the final experiment non-infected mice were maintained
in the 5 psi environment for 14 days. After this period the
mice were removed from the 5 psi environment and housed in
groups of six together with two infected mice held at ground
level condition before the infectious challenge. As a control,
two cages each containing two infected and six uninfected mice
from the ambient group were used. All surviving mice were
NT RESEARCH INSTITUTE
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sacrificed, lung lesions were scored, and the HI titers were
determined. To determine mortality rate at ground level condi-
tions 16 mice from ambient and 16 from the 5 psi environment
were used.
-III. RESULTS AND DISCUSSION
Mortality data from the first three experiments in which
the mice were held in the 5 psi environment after infectious
challenge are summarized in Table 1. The mortality rates were
significantly higher in infected mice held in the 5 psi environ-
ment than in corresponding controls held at ground level
condition (P(0.001). This was in agreement with observations
made during various other studies performed under this contract.
The mortality rate among the non-infected contact mice was very
low. Only one non-infected mouse died at ground level condi-
tions and two contact mice died in the 5 psi environment.
Lung lesion scores recorded during the first three
experiments are shown in Table 2. There appears to be no
indication of cross infection as measured by lung consolidation.
For example, only 20.87> and 33.970 of the contact mice had lung
scores equal to or greater than +2 at ground level and 5 psi
environments, respectively. This compared to 75.970 and 90.270
of the infected mice kept at ambient and 5 psi conditions,
respectively. The data also indicate that the number of
infected mice having lung lesions scores of +2 or greater was
higher among those held in the 5 psi environment than at ground
level condition.
Lung lesions scores recorded in mice held at 5 psi, in-
fected and held at ambient environment are shown in Table 3.
In the infected mice, the extent of lung lesions consolidation
was similar in both groups irrespective of the environmental
condition. Among the contact mice, the lung lesions scores
I I I R E S E A R C H I N S T I T U T E
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were higher in mice held at ground level condition than in 5 psi
environment. The significance, if any, of this finding is not
known at this time.
In the first experiment all HI titers were minimal at
1^:8. The HI titers were not determined in the second and
third experiment. In the final experiment, the HI titers in
the contact mice held at ground level condition ranged from
1:32 to 1:48, and in those held in the 5 psi environment from
1:48 to 1:96.
IV. SUMMARY
Cross infection rate, as measured by mortality, lung
lesion scores and HI titers were similar among mice maintained
at ground level condition and those at 5 psi environment.
Mortality rates were higher in mice directly challenged with
influenza virus and held at 5 psi environment than in those
held at ambient condition. However, when mice were held at
5 psi for 14 days infected and then held at ground level
condition, the mortality rates did.not differ from the controls,
REFERENCES
1. Davenport, F., and Minuse, E., 1964. Influenza Viruses,
in "Diagnostic Procedures for Viral and Rickettsial
Diseases," ed. 3, Amer. Public Health Assoc., New York,
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Table 2
LUNG LESION SCORES OF CONTACT MICE HOUSED IN 5 PSI
ENVIRONMENT TOGETHER WITH INFLUENZA VIRUS INFECTED MICE
Lung Lesion Infected Mice, % Contact Mice, 7o
Consolidation
0 (no lesions)
+1 (1-257=)
+2 (25-50%)
4-3 (50-757o)
+4 (75-100%)
-t-5 (Death)
Ambient
11.4
12 . 7
6.3
11.4
6.3
51.9
5 psi
6.3
3.8
10.0
8.9
2.5
68.8
Ambient
47.2
32.0
12.8
6.4
0.8
0.8
5 psi
38.7
27.4
16.1
10.5
6.5
0.8
No. of mice/group 79 80 125 124
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Table 3
LUNG LESION SCORES IN MICE MAINTAINED AT 5 PSI
AND SUBSEQUENTLY INFECTED WITH INFLUENZA VIRUS
AND MAINTAINED AT GROUND LEVEL CONDITION
Lung Lesion Infected Mice, % Contact Mice, %
Consolidation A m b i e n t 5 psi Ambient"5 psi
No. of Mice/Group 20 20 12 12
0 ( n o lesions) 0 0 0 3 3
+1 (1-25%) 0 0 8 25
+2 (25-50%) 5 0 33 33
+3 (50-75%) 20 25 58 0
+4 (75-100%) 10 10 0 8
+ 5 (Death) 6 5 6 5 0 0
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EFFECT OF SIMULATED SPACE CABIN ENVIRONMENT
ON INTERFERON PRODUCTION IN MICE
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EFFECT OF SIMULATED SPACE CABIN ENVIRONMENT
ON INTERFERON PRODUCTION IN MICE
I. INTRODUCTION
Since previous studies conducted under this contract
indicated a reduction in resistance to influenza virus in mice
held in a simulated space cabin environment, one of the defense
mechanisms that may have been affected was interferon production.
Huang and Gordon (ref. 1) observed increased levels of lung
interferon in mice exposed for 3 days to 1170 of oxygen before
and after injection with Newcastle disease virus (NDV). When
the mice were held at a simulated altitude of 37,000 ft with
oxygen tension equivalent to that at ground level, a marked
depression of serum interferon production was observed when
measured 2 to 24 hr after intravenous injection of the NDV.
However, when the period of conditioning was extended to 4
weeks, no depression of interferon production was noted.
The objective of this study was to determine the effect
of a simulated space cabin environment consisting of 7070
oxygen and 307, nitrogen atmosphere, 5 psi, 25 + 2°C and 50 +
10% RH on the interferon system. For the studies a model
system was chosen which simulated the course of a respiratory
virus infection, rather than a non-replicating interferon
inducer, such as the NDV.
II. MATERIALS AND METHODS
Experimental Animals. Specific pathogen free (SPF)
male Swiss albino mice, 3 to 4 weeks old and weighing 15 to
20 g, were obtained from Purina Laboratory Animal Co. The mice
were maintained on a sterile commercial diet (Hallowood Co,
Muskegon, Michigan), containing sufficient quantity of liquids
so that additional water was not needed to fulfill water
requirements.
I l l R E S E A R C H I N S T I T U T E
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Virus. Influenza A/PR-8 virus, passaged an unspecified
number of times in mice, was obtained from Dr. Max Rosenbaum,
Naval Medical Research Unit No. 4, North Chicago, Illinois.
Prior to use in the studies, the virus harvest was identified
by use of specific A/PR-8 virus antiserum obtained from the
National Institutes of Health.
Interferon Production. Mice were challenged intranasally
with 1 MLDj-Q of mouse adapted influenza A/PR-8 virus. Groups of
12 experimental and 12 control mice were sacrificed at 0 hr
(uninfected), and at 4, 7, 24, 48, 72, and 96 hr after the
infectious challenge. As necessary, aliquoted 20% lung homo-
genates were frozen at -70°C until ready for the interferon
assay.
Interferon Assay. The homogenates were dialyzed for
24 hr at 4°C in KCl-HC. buffer at pH 2.0 and again for 24 hr
at 4°C in phosphate buffered saline (PBS) at pH 7.0. The
dialyzed samples were diluted in the maintenance media and
added to monolayered L-929 M mouse fibroblast cells. After
24 hr incubation period at 37°C the cells were washed twice
with Earle1s BSS, and 0.5 ml of vesicular stomatitis virus
was added to the cells. After 1 to 1.5 hr incubation at 37°C,
the fluid was removed and the cells were overlayed with agar.
The trays were then incubated at 37°C for either 48 or 72 hr
at which time 2.0 ml of a 1:5000 dilution of neutral red in
PBS, pH 7.0, was added. After an additional 2 hr incubation
at 37°C the plaques were counted. As a control for the inter-
feron assay methodology, a titration of the NIH mouse reference
interferon was used with each test. The interferon titers were
calculated as the highest dilution giving a 50% reduction of
plaques when compared to the virus controls.
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Infactivity Titrations. Serial 10-fold dilutions of
lung homogenates were made in PBS, and 0.1 ml of each dilution
was inoculated by the allantoic route into each of four embryo-
nated 10-day old chicken eggs and incubated for 48 hr at 37°C.
The EIDcQ endpoint was based on the hemagglutination test
(ref. 2) and was calculated by the Reed and Muench method
(ref. .3).
Experimental Design. Five experimental protocols were
used to study the effects of the 5 psi environment on inter-
feron production.
Expt. A. Mice were infected with influenza virus at
ground level and were immediately placed in
the 5 psi environment.
Virus (ambient) -»• 5 psi.
Expt. B. Mice held at 5 psi for 3 days were infected
with the influenza virus in the 5 psi environ-
ment and held at 5 psi for the duration of the
experiment.
5 psi (3 days) —»• Virus "(5 psi) —»• 5 psi
Expt. C. Mice held at 5 psi for 3 days were infected
with the influenza virus at ground level
condition and held at ambient environment
for the duration of the experiment.
5 psi (3 days) -*• Virus (ambient) -c Ambient
Expt. D. Mice held at 5 psi for 2 weeks were infected
with the influenza virus in the 5 psi environ-
ment and held at 5 psi for the duration of
the experiment.
5 psi (2 weeks) —> Virus (5 psi) -»• 5 psi
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Expt. E. Mice held at 5 psi for 2 weeks were infected
with the influenza virus at ground level
condition and held at ambient environment for
the duration of the experiment.
5 psi (2 weeks) —»• Virus (ambient) -»• Ambient
III. RESULTS AND DISCUSSION
Table 1 shows the reciprocal interferon titers obtained
during the five experiments. In Expt. A in which the mice were
infected with the influenza virus at ambient condition and then
immediately placed into the 5 psi environment, a significant
four-fold increase in lung interferon titers were observed at
the 48 hr sampling periods compared to mice kept at ground
level condition. In Expt. B, whereby mice were held for 3 days
in the 5 psi environment, and then infected and held for the
duration of the experiment at 5 psi, a significant increase
in interferon titer was observed in the 48 and 96 hr samples.
Although in both experiments the interferon titers were higher
in lungs of mice held in the 5 psi environment than in those
at ground level condition, 3 out of 12 and 3 out of 10 mice
died in the 5 psi environment during Expt. A and B, respectively,
96 hr after the infectious challenge. No mortalities were
observed in the two control groups of animals.
In Expt. C, D, and E the differences in interferon
titers between control and experimental mice were not signi-
ficant .
In Expt. D a two-fold increase in interferon level
was observed in mice held at 5 psi environment as compared to
the corresponding ground level controls. Nevertheless, 1 out
of 12 mice maintained in the 5 psi environment died 96 hr after
the infectious challenge. Thus it was interesting to note
that deaths occurred only among mice maintained in the 5 psi
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environment after the infectious challenge. At the same
time, this experimental condition, i.e. exposure to 5 psi
environment after the infectious challenge, appeared to enhance
the interferon production in the lungs of mice. The increased
interferon levels observed at the 48 and 96 hr sacrifice time
period did not appear to protect the mice against the infec-
tious challenge. Thus, it is possible that the virus was
multiplying more rapidly in mice held in the 5 psi environment
resulting in higher interferon titers. Furthermore, 48 hr
after the infectious challenge the quantity of virus could
be sufficiently high to overwhelm the protection provided by
the increased levels of interferon and cause death.
Aliquots of the lung samples obtained from Expt. A
were frozen at the time of harvest, and were assayed to de-
termine virus infectivity titers. The results, shown in
Table 2, indicate that after 24 hr, influenza virus titer was
approximately 1.5 log-iQ greater in lungs of mice held in the
5 psi environment than in the controls. This could be respon-
sible for the four-fold higher interferon titer 48 hr after
the infectious challenge, observed in mice maintained in the
5 psi environment.
IV. SUMMARY
Significantly higher interferon titers were found in
two experiments in the mice held in the 5 psi environment.
However, the higher interferon levels did not appear to
protect the mice against the influenza infection.
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Table 2
VIRUS INFECTIVITY TITERS IN LUNGS OF MICE
INFECTED WITH INFLUENZA A/PR-8 VIRUS
AND IMMEDIATELY PLACED IN 5 PSI ENVIRONMENT
Time of
Sample , hr
0*
4
7
24
48
72
96
Ambient
0
0
1.50
4.75
6.00
6.00
6.29
5 psi
-
0.66
0.33
6.25
6.33
5.50
4.33
*Uninfected Mice
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G.
EFFECT OF SIMULATED SPACE CABIN ENVIRONMENT
ON FRIEND VIRUS LEUKEMIA
IIT RESEARCH INSTITUTE
EFFECT OF SIMULATED SPACE CABIN ENVIRONMENT
ON FRIEND VIRUS LEUKEMIA
I. INTRODUCTION
The purpose of these studies was to determine the
effects of a simulated space cabin environment on a slow
virus infection in mice. For the experiments various concen-
trations of Friend leukemia virus expected to produce deaths
within 20 to 120 days after the inoculation, were injected
into mice. The parameters used as a criterion of disease
were death and/or splenomegaly, and peripheral lymphocytesis.
II. MATERIALS AND METHODS
Experimental Animals. Swiss Webester one-day old
suckling mice, which were comprised of 40 litters containing
between 10 to 15 mice per litter, were purchased from Labora-
tory Supply Company, Indianapolis, Indiana. The mice were
held at ground level condition, and were approximately five
days old at time of inoculation.
The mice were housed one litter per cage, in cages
individually capped with a filter cover. "Litter-Green Small
Animal Litter" (McFadden Industries) essentially a sterile,
non-toxic bedding consisting of dehydrated alfalfa, was used.
The mice were fed a total diet which supplied all food and
water requirements (Hallwood Co., Muskegon, Michigan). During
the first 10 days of the experiment the diet was supplemented
with green vegetables and Simalac (Ross Laboratories, Columbus,
Ohio).
Virus.. The infectious agent used was Friend virus,
lymphatic leukemic strain, LLV. Two vials containing a total
of approximately 1 ml of virus, were obtained from Dr. A. J.
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Kenyon, University of Connecticut. The recommended dose was
such that an inoculation of 0.1 ml of a 1:10 dilution of the
virus would produce death in 35 days.
The virus was diluted to 10'1, 10~2, 10~3, and 10"4
with phosphate buffered saline (PBS) containing antibiotics.
The vials containing the diluted virus were held in an ice
water bath while used for inoculation. The five-day old
suckling mice were inoculated intraperitoneally with 0.1 ml of
the appropriate dilution of virus.
In initial attempts difficulty was encountered due to
cannibalization of the young by the mother. To prevent the
cannibalization during the inoculation, a beaker containing
a cotton ball saturated with xylene was placed in the cage
to dull the mother's sense of smell. The young mice were
removed from the cage with rubber tipped forceps and injected.
Any residual inoculum or blood was wiped off before the mice
were replaced in the cage. The mothers were removed from the
cages when the mice were 23 days old
Environmental Conditions. The high altitude environ-
mental chamber provided the simulated space cabin environment
of 27,000 ft of altitude (5 psi), 70% oxygen and 30% nitrogen
atmosphere, 25° + 2°C and 50% + 10% RH. The mice maintained
in the 5 psi environment as well as those at ground level
condition were serviced at least twice weekly.
Experimental Design. In order to achieve deaths
within 20 to 120 days the mice were inoculated with virus at
four concentrations. Uninoculated mice and mice injected with
PBS served as controls. The mice were divided into two groups,
one maintained at 5 psi environment and the other at ground
level condition as shown in Table 1.
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The response used as a criterion of disease was death
or splenomegaly. As an additional parameter of the disease
blood smears obtained through cau'dal amputation were examined
for peripheral lymphocytosis. The blood smears were prepared
in the conventional manner^ and were stained with Cameo buffered
differential Wright's stain (Cambridge Chemical Products, Inc.).
During the period of 3 to 7 weeks after the virus injection
mice from each dilution of virus and controls were weighed
and sacrificed at weekly intervals. The spleen was removed,
weighed, examined, and photographed. Blood smears were obtained
from a representative mouse from each litter and differential
blood counts were performed. Throughout the 14 weeks of the
study, mortality rates and the day of deaths was observed
and recorded. At the termination of the study, the surviving
mice were sacrificed and the spleens examined and blood smears
obtained.
III. RESULTS AND DISCUSSION
Representative spleens of mice sacrificed at the
various time periods are shown in Figures 1, 2 and 3. In
general, splenomegaly was observed in almost all mice injected
-1 -2
with 10 and 10 dilutions of the. Friend virus, irrespective
of the environmental condition. At the higher virus dilutions
the spleens appeared.larger at 7 weeks than at 5 weeks after
the challenge (Fig. 1 and 3). Furthermore, at the 7 week
period it appeared that the spleens iwere somewhat larger in
mice kept in the 5 psi environment and injected with the higher
dilutions of the virus, than in those kept at ground level
conditions.
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The mice and their spleens were weighed at the time
of sacrifice and the ratios of spleen weights to body weights
were calculated and expressed as percent of body weight.
In control mice injected with PBS, as well as the uninoculated
control mice, and held at the two environmental conditions, the
ratios ranged from 0.3 to 0.6%. At four weeks after injection
-1 -2
of the 10 and 10 dilutions of the virus, the ratios
increased three to four fold in both 5 psi and ambient environ-
ment. After 7 weeks the ratios were five to six times greater
in mice infected with the virus than in the PBS or uninoculated
controls.
At the termination of the experiment 14 weeks after
the inoculation with the Friend leukemia virus the surviving
mice were sacrificed. The number of the survivors, their
body and spleen weights, and the ratios of spleen to body
weight expressed in percentages are shown in Table 2. The
spleen weight and the ratio data suggested that splenomegaly
appeared to be somewhat more pronounced in mice injected with
the 10 dilution of the virus and held at 5 psi environment
than in those at the ground level condition. However, analy-
sis of the data by a t test did not confirm the significance
of the differences at p=0.05. Further analysis of the data
by the t test indicated that at the ground level condition
the differences in mean spleen weights and ratios between mice
r\ i
injected with the 10 and 10 dilutions of the virus were
significant (p<0.01), but those between mice injected with
10 dilution of the virus and control mice were not signif-
icant (p>0.1). On the other hand at 5 psi environment the
differences in mean spleen weight and ratios between the
control mice and mice injected w
virus were significant (p<0.01).
ith the 10~ dilution of the
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The first mortalities were observed in groups of mice
inoculated with the lower dilutions of the virus within 6
weeks after the challenge. At 8 weeks after injection of the
-1 -210 and 10 dilutions of the virus 25 and 6470 of mice died
in the 5 psi environment and 54 and 4870 of those held at the
ground level condition. However, deaths did not occur among
mice given the higher dilutions of the virus nor in the PBS
or uninoculated control groups of mice.
The accumulative mortality rates at 14 weeks after
challenge with the virus are shown in Table 3. The mortality
rates appeared to be somewhat higher among the mice held
at the 5 psi environment than at the ground level condition.
The slight enhancement in susceptibility was also reflected
in the estimated LD5Q which was 10" 3'2- °'2 and 10~2'8 - °'1
at the 5 psi environment and the ground level condition,
respectively. The mean survival times based on 14 weeks dur-
ation of the experiment estimated for the various groups
of mice are shown in Table 3. Analysis of the data by a t test
indicated that the differences between the mean survival of
mice kept in the 5 psi environment and at ground level con-
dition were not significant. As expected within each experi-
mental group progressive dilution of the injected virus
resulted in longer survival. The only exception was the group
of mice injected with the 10 dilution of the virus and kept
in the 5 psi environment, whereby the mean survival time was
similar to that of mice challenged with the 10 dilution
of the virus. However, because of the small number of groups
of mice the significance of this observation could not be
ascertained.
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In order to determine differential white blood cell
counts randomly selected mice held at the 5 psi environment
and at ground level condition were bled weekly during the
3 through 7 week period and at 14 weeks at the termination
of the experiment. The neutrophils, lymphocytes, monocytes,
and blast cells counts are shown in Tables 4 and 5, and re-
present the differential counts obtained from single experi-
mental mice during the 3 to 7 week period and all surviving
mice at the 14 week period. The most obvious finding was the
increase in number of blast cells indicating the leukemic
condition in the infected mice. Blast cells were never found
in the control mice during the various bleeding periods. In
general, the counts were similar in mice held at 5 psi and
ambient conditions.
IV. SUMMARY
Mice infected with Friend leukemia virus became symto-
matic approximately 4 weeks after infection. An increase in
blast cell counts and splenomegaly were noted. The first
deaths occurred in mice given the most concentrated amount
of the virus 6 weeks after the challenge. Both splenomegaly
and mortality rates appeared somewhat higher in mice held at
5 psi than at ambient conditions. Hematologic values and
mortality rates were similar in mice kept in the 5 psi and
ambient environment. At the higher dilutions of the virus
it appeared that at the 7 week period the spleens were some-
what larger in mice maintained at the 5 psi environment than
at the ground level conditions.
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Table 1
PROTOCOL FOR FRIEND VIRUS STUDY
Dilution
of Virus
10"1
io-2
io-3
lO'4
Saline
Control
Uninoculated
Control
Expected Day
of Death
20-60 days
50-90 days
80-120 days
Number
5 psi
3
4
1
4
4
4
of Litters
Ground Level
3
4
1
4
4
4
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Table 4
DIFFERENTIAL WHITE BLOOD CELL COUNTS
IN MICE INFECTED WITH FRIEND LEUKEMIA VIRUS
AND MAINTAINED AT 5 PSI
Time,
Weeks
3 Weeks
4 Weeks
5 Weeks
6 Weeks
7 Weeks
14 Weeks
Dilution
of Virus
10-1
i°I?
10
 Iio'4
Controls
10~i
10*,
107
10~4
Controls
10"^
10~~10 ;
10~4
Controls
10~i
10
-310 f
10~4
Controls
w"l
101?
1° 2
10"4
Controls
10~Ia
lO'^ a
1°Z210
Controls
Differential WBC Count, %
Neutrophils
26
15
25
32
20-27
48
44
18
58
20-24
27
32
39
26
20
9-22
31-39
17-44
16-23
18-26
16-31
16-28
18
17-26
21-31
16
19
14-59
14-45
Lymphocytes
61
84
68
56
68-78
43
41
70
36
69-74
61
61
54
59
80
74-91
51-58
49-80
70-79
56-78
61-76
63-73
73-75
70-78
61-76
68
68
31-77
42-84
Monocytes
4
0
2
5
0-4
0
0
2
0
0-1
0
1
2
2
0
0
0-1
0-1
0-3
1-4
0
0-6
0-3
0-2
1-3
0
0
0-3
0-2
Lymphob lasts
0
0
0
0
0
0
4
2
0
0
5
1
3
5
0
0-10
3-8
0
0-4
0
7-9
0-7
0-6
0-4
0
7
3
0-9
0
Only one mouse survived.
5No survivors.
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Table 5
DIFFERENTIAL WHITE BLOOD CELL COUNTS
IN MICE INFECTED WITH FRIEND LEUKEMIA VIRUS
AND MAINTAINED AT AMBIENT CONDITIONS
Time,
Weeks
3 Weeks
4 Weeks
5 Weeks
6 Weeks
7 Weeks
14 Weeks
Dilution
of Virus
10-1
10"n
10 ,
10'4
Controls
10"i
10~o10";io-4
Controls
1C'110I?10 ,
lO'4
Controls
10"i
10"^
10
10'4
Controls
10"i
10",
10'?
lO'4
Controls
10'i
I0~l
10 ;
10'4
Controls
Differential WBC Count, %
Neutrophils
36
14
11
10
21-47
32
30
40
37
10
23
16
27
31
34-37
8-21
8-36
9-31
18-29
18-33
14-31
11-42
19-31
23-34
14-27
4-23
0-71
20-23
15-69
17-52
Lymphocytes
60
84
84
83
46-71
52
49
54
51
83
72
80
65
61
55-59
63-85
60-81
63-75
58-80
59-76
59-68
53-68
64-77
61-72
66-81
46-86
22-89
56-67
26-82
37-81
Monocytes
0
0
2
1
0-1
0
2
0
1
5
0
0
1
1
0-4
1-5
0-1
2-8
0-1
0-1
0-1
0
0-2
0-2
0-2
0
0
0
0
0-1
Lymphoblasts
0
0
0
0
0
5
2
0
0
0
3
3
1
0
0
2-8
2-4
0-2
0-2
0
4-19
4-6
0-4
0-1
0
6-10
2-19
2-8
0-6
0
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MICE INFECTED WITH FRIEND VIRUS
AND HELD AT AMBIENT ENVIRONMENT FOR FIVE WEEKS
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FIGURE I
SPLEENS OF MICE 5 WEEKS AFTER INFECTION WITH FRIEND VIRUS.
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FIGURE 2
SPLEENS OF MICE 6 WEEKS AFTER INFECTION WITH FRIEND VIRUS,
MICE INFECTED WITH FRIEND VIRUS AND
HELD AT AMBIENT ENVIRONMENT FOR SEVEN WEEKS
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FIGURE 3
SPLEENS OF MICE 7 WEEKS AFTER INFECTION WITH FRIEND VIRUS.
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RESISTANCE TO BACTERIAL AND VIRAL INFECTION
IN A SPACE CABIN ENVIRONMENT
These studies were summarized in Report No. IITRI
L6046-PR-1 (Phase Report) dated May 21, 1970. The following
is a brief summary of the results.
Resistance to infections initiated by respiratory
challenge with Klebsiella pneumoniae or influenza virus was
reduced in mice exposed to a simulated space cabin environment
of 5 psi and 98% oxygen. The reduced resistance was manifested
by increased mortality in mice challenged from 1 hr to 7 days
before exposure to the space cabin environment and in those
challenged with influenza virus during exposure to the space
cabin environment. However, an adaptation to the stress
appeared to be present in the mice exposed to the space cabin
environment for 36 days and challenged with the influenza
virus. The persistence of the reduced resistance to respira-
tory infection after return to ground level conditions was
related to the duration of exposure to the space cabin environ-
ment and the infectious agent.
The reduced resistance was not observed when the
challenge agent was Salmonella typhimurium.
Histopathological examination of lungs of mice exposed
to the space cabin environment revealed moderate bronchial
inflammation, septal breakage in the alveoli, areas of lung
collapse, red blood cell extrusion, moderate stasis, and an
increase in the peribronchial lymphocyte distribution. The
severity of the damage appeared to be related to the duration
of the space cabin environment exposure.
Publications resulting from work conducted during this
phase of the program include:
NT RESEARCH INSTITUTE
H-l
Resistance to infection in Space-Cabin
Environment, R. Ehrlich and B. J. Mieszkuc.
Proceedings 17th Intern. Cong. Aviation
and Space Med. pp 386-392, Oslo, Norway,
August 5-8, 1968.
Resistance to Experimental Bacterial Pneumonia
and Influenza Infection in Space Cabin Environ-
ment, R. Ehrlich and B. J. Mieszkuc, Aerosp.
Med. 40, 176-79, 1969.
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NORMAL FECAL MICROFLORA AND SALMONELLAE OUTBREAK
IN MICE MAINTANIED IN A SPACE CABIN ENVIRONMENT
Studies conducted during this phase of the program were
summarized in Report No. IITRI L6046-24, dated June 19, 1969.
The following is a brief summary of the results.
Experiments were conducted to study the normal intestinal
microflora of conventiona, Swiss Webster mice maintained
in a flexible-film isolator at a simulated space cabin
environment consisting of 70% oxygen and 30% nitrogen at
5 psi. Fecal samples were obtained before initiation of the
exposures and at 1, 3, 7, 21, 28, 56, 64, 70, and 84 days after
initiation of the experiment. Blood samples for detection of
the presence of antibodies against murine viruses were taken
at the presence of antibodies against murine viruses were
taken at 0, 1, 3, 7, 28, and 84 days.
Within 28 days after initiation of the experiment an
outbreak of salmonellosis due to Salmonella infantis occurred
in the control and experimental mice. During the outbreak
it was observed that (a) S_. infantis appeared earlier in the
mice kept in the 5 psi environment than in controls, (b)
markedly higher mortalities occurred in mice kept in the
5 psi environment than in controls, and (c) S_. infantis was
isolated from control mice without apparent induction of an
overt disease or significant mortalities. The antibiotic
therapy initiated during the salmonella outbreak reduced the
concentration of normal fecal microflora. As a result, large
numbers of yeast were recovered from antibiotic treated mice
until the normal microflora was reestablished.
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All mice were relatively free from antibodies against
rriurine viruses. The most significant finding was an apparent
prior contact with Sendai virus of both control and experi-
mental mice although antibody titers were low and never
exceeded 1:40.
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